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It has been reported in an earlier publication  1 that under suitable 
cultural  conditions  Bacillus  welchii  produces  an  exotoxin  which is 
comparable in  its  physical and biological properties with diphtheria 
and  tetanus  toxins.  The  original  study was  limited  to  five strains 
of the organism, all of which yielded toxins which were qualitatively 
identical  although  differing  quantitatively.  The  identity  of  the 
various toxins was  determined by the observation that  an antitoxin 
produced with  a  toxin from any strain  neutralized the  toxins from 
all the other Strains2  Moreover, it was found that such a monovalent 
antitoxin  would  protect  against  and  control  infections with  any of 
the strains included in the study.  The small number of strains studied 
and  the closely related sources of four of the five made it desirable 
to extend the experiments before concluding that all strains of Bacillus 
welchii  produce  the  same  toxin.  From  the  standpoint  of  develop- 
ing a  specific therapy, it was  essential to know whether one toxin is 
common to  all  strains,  regardless of their origin.  To ascertain  this, 
twenty-two other  strains  have been  collected from widely different 
sources and  studied with reference to  the identity of their toxins. 
Source of the Strains. 
Two of the  new strains  were part  of the cultures isolated during 
the summer of 1916 on the Western Battle Front by Dr. J. P. Simonds 
of Chicago.  Four strains were obtained from the Pasteur Institute 
through  the  kindness  of  Dr.  Carrel.  Dr.  Carrel  also  brought  us 
necrotic tissue from two cases of severe gaseous gangrene, from which 
x  Bull, C. G., and Pritchett, I. W., J. Exp. Meal., 1917, xxvi, 119. 
867 868  TOXINS  OF  STRAINS  OF  BACILLUS  WELCHII 
we  isolated  the  infecting strains.  Two  strains  were  isolated  from 
cases of gaseous gangrene occurring in New York  City.  Five strains 
were  obtained  through the kindness of Dr.  F.  M.  Allen from spon- 
taneous gas bacillus infections in diabetic dogs,  two others from dog 
feces,  two from human feces,  two .from market milk,  and  one from 
garden soil. 
All the strains were obtained in pure culture as indicated by morpho- 
logical,  cultural,  and  pathogenefic properties,  and  each  strain  was 
tested  separately,  without  animal  passage,  for  artificial  toxin  pro- 
duction. 
Production and Identification of the Toxins. 
Each  strain  was  grown in  0.2  per  cent  glucose  muscle  broth  for 
20  hours  at  37°C.,  and  the  cultures  were  centrifuged and  filtered.  1 
The  filtrates  were  tested  for  toxicity by intramuscular injection in 
pigeons.  The  same  quantity of filtrate that was used in the toxicity 
tests  was mixed respectively with Bacillus  welchii  antitoxin and  an 
equal  amount of normal serum  of  the  same  animal.  The  mixtures 
were incubated for 30  minutes at  37°C.  and  then injected into  the 
breast muscles of pigeons.  The degree of toxicity of the filtrate and 
of the serum-filtrate mixtures was calculated from the degree of the 
local  edema and  necrosis  which ensued and  the  quantity of filtrate 
necessary to  cause  death. 
The procedure  described  established  the  fact  that  all  the  strains 
produced  toxins  which  were  indistinguishable in  pathologic  effects 
from those produced by the five strains described in our first publica- 
tion, and that an antitoxin made with toxin from one of the former 
strains  completely neutralized  the  toxins  from  all  the  new  strains. 
The toxins of the individual members of the series exhibited, however, 
a wide range of potency; the lethal dose for pigeons on intramuscular 
inoculation varied from 0.3  cc. to 3 cc.  The lesions and toxic effects 
were, nevertheless, of the same quality.  The toxin-producing power 
of the less  active strains was materially increased by animal passage, 
and  an  indication was  obtained  that  a  direct  relation  between  in- 
fectiosity  and  toxin  production  exists.  However,  the  latter  point 
demands  a  more  systematic study  than  we  have  yet  been  able  to 
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To  summarize,  we  may  state  that  twenty-two  new  strains  of 
Bacillus  welchii have been secured from widely different sources and 
studied  with  regard  to  morphological,  cultural,  and  pathogenetic 
properties  and  toxin  production.  They have  by  these  means  been 
identified as  typical members of the Bacillus welchii group of bacilli. 
Moreover,  each  strain  produced  a  toxin  which  was  qualitatively 
indistinguishable  in  physical  and  biological  properties  from  the 
toxins  produced  by  any  other  members  of  the  series,  although  the 
different toxins manifested varying degrees of potency. 
Up  to  the  present  time  we  have studied  twenty-seven strains  of 
Bacillus  welchii from widely different sources  and  have found  all  to 
produce a  toxin in common. 
Factors Influencing  the  Artificial  Production  of Bacillus welchii Toxin. 
In our first publication  I the following method was given for obtaining the toxin 
in vitro: To plain beef infusion broth in 10 cc. quantities in test-tubes are added 
several fragments of sterile skeletal muscle of the pigeon or rabbit.  The tubes, 
having been proved sterile,  are inoculated with B. welchii, overlaid with paraffin 
oil, and  enclosed  in  a  vacuum  jar from which  the oxygen is then exhausted. 
After an incubation of from 18 to 24 hours, the contents of the culture tubes are 
centrifuged and the fluid portion of the culture is l~assed through a Berkefeld 
N candle.  The filtrate contains the toxin.  It was stated also that to obtain the 
most potent product not more than 0.1 per cent glucose should be present, and 
that the incubation should not exceed 24 hours. 
Since then we  have been able  to carry out  a  more  extensive  and 
systematic  investigation  of  the  influence  of  various  factors  on  arti- 
ficial toxin production. 
Certain  technical  precautions  are  necessary  in  determining  the 
influence of different factors on  the  production  of  the  toxin in  vitro 
in  order  to  eliminate  extraneous influences.  In  the  first place,  the 
culture with which the media are inoctflated must be controlled with 
regard  to age,  the medium  in which it is grown,  and  the number of 
artificial  generations  since  animal passage.  Then  the  different  lots 
of  medium  in  which  toxin  is,  to  be  produced  for  the  purpose  of 
comparison  should  be  inoculated  simultaneously  and  with  the  same 
quantity  of  culture.  Errors  may  arise  in  the  process  of  collecting 
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Lug candles,  and  if  they  are  not  perfectly  clean  and  open,  a  large 
percentage of the toxin may be retained.  Under the best conditions 
different  candles  seem  to  retain  different  amounts  of  toxin.  The 
following procedure  has  been  followed in  this  work:  A  good  toxin- 
producing  strain  (617 d,  Simonds)  .was used.  The  strain  was  of 
maximum  virulence  as  the  result  of  a  number  of  animal  (pigeon) 
passages.  A  pigeon  was  inoculated  with  an  acutely  lethal  dose  of 
the  culture early in  the morning  of the day preceding  the beginning 
of  an  experiment.  Immediately  after  the  death  of  the  animal, 
usually late in the afternoon,  tubes of plain beef infusion broth  were 
inoculated with small fragments of the infected muscle and incubated 
at  37 ° C.  over  night.  The  test  media  were  then  inoculated with 
definite  quantities  of the  bouillon  cultures,  exhausted  in  a  vacuum 
jar,  and  incubated  in  the  usual  way.  At  the  end  of  the  planned 
incubation  period,  the  contents  of  the  culture  tubes were  centri- 
fuged  until  the  supernatant  fluid  was  free  of  solid  matter.  The 
fluid was then syphoned off and filtered.  The filters were  proved  to 
be  open  by  testing  them  with  sterile  distilled  water  immediately 
before use and  were recleaned  as  soon  as  there  was evidence of ob- 
struction of the flow of the fluid through them.  In this way consistent 
results  were  obtained. 
In order to test the potency of the toxin,  three different quantities 
of each  toxic product were injected into  the  breast  muscles of three 
pigeons  respectively.  The  degree  of  toxicity  was  estimated  from 
the extent of the edema and necrosis, when sublethal  amounts  were 
given,  and from the minimal  lethal  dose.  In a  number of instances, 
where  the  degree of  toxicity could not be approximately  predicted, 
the  largest  quantities  given  did  not  cause  death  or  even  local 
lesions.  This  was  especially true  of  the  filtrates  from  the  cultures 
containing  the higher percentages  of glucose, in which instances only 
relative  values were  obtained. 
Influence  of Fresh Muscle  and Incubation  Time on the  Potency" of the 
Toxin. 
We had  observed more  or  less incidentally  that  the  most  potent 
filtrates  were  obtained  after  the  cultures  had  been  incubated  from 
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a  decrease  in  toxicity;  but  the  rate  and  the  extent of the decrease in 
toxicity as the incubation time is prolonged had not been determined. 
It was,  therefore,  considered  desirable  to  determine  more  accurately 
the  relation  between  incubation  time  and  toxicity.  With  this  end 
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TEXT-FIG. 1.  The media were sugar-free broth and sugar-free broth towhich 
fresh sterile muscle had been added.  The tubes  were  inoculated, freed of oxy- 
gen, and  incubated in  the  usual  way.  The  two products  are  designated  as 
sugar-free toxin and sugar-free muscle toxin respectively. 
All the text-figures have the same arrangement.  The incubation time of the 
different specimens of filtrate is represented on the ordinates, while the smallest 
quantities  necessary to produce local lesions  and death are represented on the 
abscissae.  The height of the curves from the base-line represents, therefore, the 
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in view, a variety of media, consisting of various kinds of beef infusion, 
was  inoculated  with  cultures  of  Bacillus  welchii  and  the  filtrates 
were  collected  and  tested  at  different  intervals,  ranging  from  16 
hours  to  13 days. 
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TExT-FIG. 2.  The media were plain  broth and plain  broth to  which sterile 
muscle had been added.  The filtrates are designated as plain broth toxin and as 
plain muscle broth toxin. 
The results obtained may be summarized in the statement that the 
toxicity  of  the  filtrates  is  inversely proportional  to  the  incubation 
time,  calculating from the end of the  1st day, and  that this general 
relation  obtains  independently  of  the  nature  of  the  medium.  The CARROLL  G.  BULL  AND  IDA  W.  PlZlTCHETT  873 
rapidity of the decrease in toxicity, however, is materially influenced 
by the percentage of glucose in the medium and the presence of raw 
muscle.  The  results  are  presented  graphically in  Text-figs.  1  to  5. 
From  Text-figs.  1  to  4  it is  seen  that  the  toxicity of the filtrates 
rapidly diminishes as the incubation time is prolonged.  The toxicity 
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TExT-FIG. 3.  The media, 0.5 per cent glucose broth and 0.5 per cent glucose 
broth plus muscle.  The filtrates,  0.5 per cent glucose toxin and 0.5 per cent 
glucose muscle toxin. 
was in every instance highest at the end of the  1st day's incubation. 
On  the 3rd  day there  was a  material decrease in  toxicity, especia'lly 
in the case of the filtrates from the cultures to which muscle had not 874  TOXINS  OF  STRAINS OF  BACILLUS WELCItII 
been  added.  A  composite  curve  of  the  filtrates  from  the  muscle 
medium  would show that  on  the  6th  day the  toxicity had  fallen  al- 
most  300  per  cent.  A  similar  curve  of  the  filtrates  from  the  non- 
muscle  medium  would show  a  decrease in  toxicity of 400  per  cent. 
A  composite curve including  the  filtrates  from  both kinds  of  media 
would show a  decrease in toxicity of about 1,300 per cent on the 13th 
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TExT-FIG. 4.  Media,  1 per  cent glucose broth and  1 per  cent glucose broth 
plus fresh muscle.  Filtrates,  1 per  cent glucose toxin and  1 per  cent glucose 
muscle toxin. 
day of incubation.  It is evident, therefore, that prolonged incubation 
brings  about a  destruction  of  the  toxin independently  of the nature 
of the  medium,  and  the  most potent toxin is to be obtained at about 
the  end  of  the  1st  day's  incubation,  the optimum incubation  time 
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The  influence  of  the  muscle  upon  the  potency  of  the  filtrates  is 
very  apparent.  The  24  hour muscle medium  filtrates  were  in each 
case about five times as toxic as the corresponding non-muscle filtrates. 
If  the  curves  had  been  based  on killing  power  alone,  instead  of  on 
local  effects  and  killing  power,  the  muscle  and non-muscle  curves 
would have been still more widely  separated.  The  toxins formed in 
the muscle medium seem  to have a  killing  power  not  possessed  by 
the  non-muscle  products.  Moreover,  the  non-muscle  filtrates  lose 
toxicity  more  rapidly  as  the  incubation  time  is prolonged  than  the 
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TExT-FIG. 5.  Media,  0.2  per  cent glucose broth plus  fresh muscle  and  0.2' 
per cent glucose broth plus autoclaved muscle. 
muscle  filtrates  do.  The  influence  of  the  muscle in  the  medium is, 
however, largely a quantitative one.  From Text-fig. 5 it  is  seen  that 
autoclaved muscle will not take the place oE fresh muscle. 
Glucose, Acidity, and Toxicity. 
It is well known that Bacillus welchii produces adds, chiefly butyric, 
under  almost  any  condition  of  growth,  the  quantity  produced  de- 
pending  largely  upon  the  amount  of  fermentable  sugars  present. 876  TOXINS  OF  STRAINS  OF  BACILLUS  WELCItII 
Acid production  being so prominent  and  constant,  it is  natural  that 
students  of  this  organism  should  have  given  special  attention  to 
that property.  Thus,  McCampbell  ~ made many experiments  on the 
toxic effects of Bacillus welchii cultures  and  their  products  and  con- 
cluded that  the acids are of prime importance.  This  conclusion was 
based  on  the  observation  that  his  neutralized  cultural  products 
were inactive, and that butyric acid in a pure state produced identical 
results  with  the  acid  bacillary  products.  Stewart  and  West  3 also 
state  that  acid  by-products  are  responsible  for  all  the  pathologic 
effects  of  Bacillus  welchii  infections.  Wright  4 holds  similar  views 
and has offered theoretical explanations of the way in which the acids 
operate in  bringing  about  their  destructive  effects.  In  our previous 
paper ~ we  have  stated  that  neutralization  with  sodium  hydroxide 
did not materially alter the pathologic effects of the cultural products, 
and  there was no direct relation  between acidity and  toxicity.  Fur- 
ther observations have  been made  on this point,  and  the results  are 
graphically presented in Text-figs.  6 to 10. 
Fragments  of  fresh  rabbit  muscle  were  added  to  tubes  of  beef 
infusion broth containing varying percentages of glucose.  A number 
of tubes of each kind of medium was inoculated with Bacillus welchii, 
a layer of oil added, and the culture tubes were exhausted in a vacuum 
jar  and  incubated in  the  manner  already described.  Filtrates  were 
collected from a number of the tubes after from 1 to 13 days' incuba- 
tion  and tested for pathologic effects and acidity (Text-figs.  6 to  10). 
A  study of Text-figs.  6 to  10 discloses the fact that  the  toxicity of 
the filtrates is independent  of the acidity.  The  toxic potency of the 
filtrates rapidly diminishes as the incubation time is prolonged, while 
the  acidity  increases  or  remains  constant.  In  one  instance,  Text- 
fig.  9,  there was a  decrease of 1 per cent in the acidity, but the toxin 
lost  ~  ~  4 of its potency.  When  the  acidity is  high  the  filtrates  show 
very  slight  toxic  action.  Text-fig.  10  illustrates  this  point.  The 
acidity  was  6.8  per  cent  on  the  1st  day,  rose  to 8 per  cent by the 
3rd  day,  and  remained  constant  throughout  the  experiment.  The 
toxicity curve does not  represent  the  actual potency of  the  filtrate, 
2 McCampbell, E. F., J. Infect. Dis., 1909, vi, 537. 
3 Stewart, M. W., and West, R., J. Immunol.,  1916, i, 189. 
4 Wright, A. E., Proc. Roy. Soc. Mecl., 1916-17, x, Occas. Lect., 1. v 
TExT-FIG.  6.  Medium, sugar-free muscle broth. 
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TExT-FIG. 7.  Medium, 0.2 per cent glucose muscle broth. 
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TEXT-FIG. 8.  Medium, 0.5 per cent glucose muscle broth. 
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since the quantities used for the animal inoculations were not suffi- 
cient to  cause death or definite local reactions,  the curve being de- 
veloped from the largest amounts  inoculated at the various periods. 
Beginning with  Text-fig.  6,  there  is  a  material  increase in  acidity, 
which reaches its highest point in Text-fig.  10,  while the toxicity in- 
creases until Text-fig. 9 is reached, where an abrupt decrease is shown. 
8cid~, 
% 
Day~ 1 
Dose 
CC. 
0  g  13 
6  i 
7  2 
6  0 
4 
4  D 
3  6 
Z  7 
TExT-FIG. 10. Medium, 3 per cent glucose muscle broth. 
Text-figs. 6 to  10 may also be used to show the influence of glucose 
upon  toxin  production.  The glucose content of the medium ranged 
from 0  to  3  per  cent.  Since muscle fragments were added to  each 
variety of medium,  the  percentage of sugar was in  each case higher 880  TOXINS  OF  STRAINS  OF  BACILLUS  WELCtIII 
than is indicated.  It is seen that 0.2 per cent glucose causes a  material 
increase  in  toxicity  (Text-figs.  6  and  7).  The  glucose  may  be  in- 
creased  to  1  per  cent  without  greatly influencing  the  potency  of  the 
product,  while  more  than  1  per  cent  has  a  deleterious  effect.  The 
influence  of  the  glucose  is,  in  all  probability,  non-specific,  merely 
leading to  a  more luxuriant  growth of  the  bacilli.  As a  routine  pro- 
cedure,  a  0.2  or  0.3  per  cent  glucose  muscle  broth  is  used  for  toxin 
production. 
Review of the Literature. 
In  our  first  publication  on  toxin  production  by  Bacillus  welchii 
only  brief  consideration  was  given  to  the  work  of  others  on  this 
subject.  We propose now  to cover the ground somewhat  more fully. 
In  1904 Kamen 5 reported that in gas bacillus infections in man death occurs 
under conditions indicating a  severe intoxication.  He showed also that filtrates 
from  8  day  glucose bouillon cultures  of  the  gas  bacillus contained  hemolytic 
substances demonstrable in vitro.  On the other hand, 10 cc. of the same filtrates 
caused  no  lesions on  subcutaneous  injection in  guinea  pigs.  The  author  con- 
cluded that energetic toxins were not produced in cultures, but that in all proba- 
bility powerful toxins were produced in the animal body. 
Passini's  6  publications  on  the  subject  appeared  in  1905.  He  employed  a 
special medium consisting of fresh beef muscle digested with trypsin and sterilized 
in live steam; to this glucose was added to 1 per cent or more and the air driven 
out by boiling; or the medium was made by heating the meat-water  mixture in 
an autoclave under from 8 to 9 atmospheres for 1 hour.  The medium was then 
inoculated with the bacilli and incubated for from 14 days to  1 month at 37°C. 
The filtrates from the cultures were found to be toxic.  The toxic effects were 
manifested immediately on intravenous and intraperitoneal inoculation.  When 
given  subcutaneously,  edema,  necrosis,  and  sloughing  followed.  The  toxic 
filtrates resisted heating to  100°C.  for 15 minutes, and they were not shown to 
possess antigenic properties.  It is also stated that  the filtrates were not  toxic 
if less than 1 per cent glucose was present. 
In a  general study of the intestinal flora, Metchnikoff gave considerable at- 
tention to  the gas bacillus.  7  In his case impure cultures were  evidently used, 
since the medium was made with finely chopped beef and tap water, without any 
attempt at subsequent sterilization.  The filtrates from the cultures were found 
:' Kamen, L., Centr. Bakteriol., lte Abt., Orig., 1904, xxxv, 554. 
6 Passini, F., Wien. klin. Woch., 1905, xviii, 921. 
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to be toxic, the toxicity being greatest after from 2  to 5  days' incubation.  A 
longer incubation period caused a  progressive diminution in toxicity.  Heating 
to 100°C.  did not reduce the potency of the toxin obtained; moreover, it was not 
tested for antigenic properties. 
Schultze  8 showed that the disappearance of the nuclei in the organs of animals 
dying of gas bacillus infection was not due to gas formation, and he inferred that 
the phenomenon was caused by chemical toxic substances formed by the bacilli. 
Korentchevsky,  9  working  in  Metchnikoff's  laboratory,  found  that  filtrates 
from bouillon cultures of the gas bacillus were toxic for rabbits, especially young 
rabbits.  Symptoms of intoxication  appeared in from  1 to  3 hours after intra- 
venous  and  intraperitoneal  injections.  The  chief  symptoms  were  dyspnea, 
convulsive movements  of the head,  opisthotonos, clonic convulsions of the ex- 
tremities,  and  paralysis.  The  effects  of  intramuscular  and  subcutaneous  in- 
jections were  not  determined.  Rabbits  and  dogs  were  given  large  quantities 
(20 cc.) of the filtrates per rectum every2nd or3rd day for 2½ weeks.  The growth 
of  the  animals  was  arrested,  and  some  lost  weight.  Agglutinins, precipitins, 
and fixatins were found in the sera of the rabbits.  No mention is made of the 
thelmostability, acidity, or antitoxin-producing properties of the filtrates. 
Klose  1° studied  135  cases  of .gas phlegmon,  in  39  of which  the Friinkel gas 
bacillus (B. welchii) was present.  The chief symptom in the cases Was intoxica- 
tion.  Toxic substances were demonstrated in the blood sera of 5  cases of gas 
phlegmon in man.  The clinicai observations apparently led to the experimental 
work. 
The organism used in the animal experiments was isolated from a  foudroyant 
case of gas phlegmon in man.  Toxic substances were demonstrated in the sub- 
cutaneous exudates occurring in infected guinea pigs and in  Berkefeld  filtrates 
from 5 per cent glucose broth cultures at the end of 14  days' incubation.  Sub- 
cutaneous injections in guinea pigs gave rise to edema, discoloration,  falling of 
s Schultze, W. H., Virch3w's Arch. path. Anat.,  1908, cxciii, 419. 
9 Korentchevsky, W., Ann. Inst. Pasteur, 1909, xxiii, 91. 
I0 After our first publication on B. welchii toxin and antitoxin appeared, our 
attention was called to an abstract in the Chemical Abstracts,  July 20,  1917,  of 
an article by F. Klose entitled: "Ueber Toxin- und Antitoxinversuche mit dem 
Fr~nkelschen Gasbrandbacillus."  This abstract was made by Julian H.  Lewis 
from an abstract which appeared in the Chem. Zentr.,  1916, ii, 24.  The original 
article appeared in the MUnch. reed.  Woch.,  1916, Ixiii, 723.  This journal could 
not be found in any of the libraries in New York City or elsewhere in the United 
States.  The  abstracts contained only a  few summary statements without any 
experimental details, and  no idea of the  nature  of the work could be formed. 
The  original  article  has,  however,  recently  come  to  our  hands  through  the 
kindness of Dr. J. E. J.  King, who returned from Germany in April after rupture 
of  diplomatic relations between the  United States  and  Germany.  Because of 
this accidental circumstance, it is possible to consider the work here. 882  TOXINS  OF  STRAI2qS  OF  BACILLUS  WELC]~III 
hair, necrosis,  and sloughing;  intraperitoneal and intravenous injections caused 
immediate symptoms, tremors, failure of respiration, and death.  The toxic sub- 
stances were quite thermostable, since 80°C. for 1 hour did not reduce their toxic 
effects.  A  horse  was  immunized  as  follows:  2,415 cc.  of filtrate  from 5  day 
5 per  cent  glucose  broth  cultures  were  given intravenously during  17½  weeks 
and after a rest period of 6 weeks,  1,780 cc. of filtrate weregiven during 6½ weeks. 
The immune serum protected guinea pigs against three lethal doses of bacilli; 
2 cc.  of serum were injected  at  the site of infection  24 hours previously.  In- 
fections were controlled by giving the immune serum 2 hours after the guinea 
pig had been infected. 
We  have  made  repeated  attempts  to  produce  Bacillus  welchii 
toxin  artificially  according  to  Klose's  method.  The  filtrates  were 
collected both  after 5  days' and  14  days' incubation.  Large quanti- 
ties  (5  cc.)  of the  filtrates failed to  cause death  or necrosis  on intra- 
muscular  injection  in  guinea  pigs  and  pigeons.  There  was,  in  some 
instances,  a  slight  tumefaction of the  tissues  at  the  point  of inocula- 
tion.  In the light of these results it is somewhat difficult  to  explain 
the  pathologic  effects  of  Klose's  filtrates.  The  neutralization  and 
protection  experiments,  on  the  other  hand,  can be readily  explained 
by the  fact, observed by us,  that  a  certain  number of horses possess 
natural Bacillus welchii antitoxin.  Klose did not determine the natural 
antitoxin  content  of his horse's serum. 
The work of Weinberg and S6guin it was referred to in our first publication. 
These authors made numerous reports on the production of specific antitoxic sera 
for  the  bacillus  of  malignant  edema  (vibrion septique) and  for  B.  ~dematiens 
(Weinberg).  They reported also that a potent specific antibacterial  serum had 
been  produced  by  immunizing  horses  with  living  cultures  of  B. wdchii (B. 
perfringens).  Frequent mention is made of a B. perfringens toxin, but nothing is 
stated concerning  its  preparation,  or  physical or  biological  properties, but a 
definite statement is made  that it  has  not  been  found  possible  to prepare an 
antitoxic serum for the organism.  Finally, these authors have recently reported 
on  the  clinical  application of their antimicrobial serum  t~ for B. perfringens (B. 
welchii) infection. 
SUMMARY. 
Twenty-two  additional  strains  of  Bacillus  welchii  have  been  col- 
lected from widely different sources  and tested with  regard  to  toxin 
tt Weinberg, M., Proc. Roy. Soc. Med., 1916, ix, Occas. Lect., 119. 
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production.  Each strain produces a  toxin which,  on animal inocula- 
tion,  gives rise  to lesions  comparable  in  every respect  to  those pro- 
duced by the  toxins previously reported on, 1 and each toxin was neu- 
tralized  by an  immune  (antitoxic)  serum  produced  with  one  of  the 
former  toxins.  The  toxins  obtained  from  the  several  individual 
strains varied in potency, the lethal  dose ranging  from 0.3 to 3 cc. 
Experiments  have  been  made  to  determine  the  influence  of  fresh 
muscle  and  glucose  on  toxin  production  and  the  relation  of acidity 
to  toxicity in  the  filtrates.  It  has  been  found  that  the  addition of 
fresh muscle to  the medium increases  the potency of the  toxin five- 
fold.  Autoclaved  muscle  is  without  effect.  Beef  infusion  broth 
containing  0.2  to  1  per  cent  glucose  gives  a  more  potent  product 
than  sugar-free  broth,  while when  higher  percentages  are  employed 
the toxin production is lowered.  There is no direct relation between 
acidity and  toxicity,  the most acid products  manifesting  little  or no 
toxic  action.  In  every medium used for culture  the potency of  the 
filtrates  rapidly  diminished  after  24  hours'  incubation,  while  the 
acidity increased  or remained  constant.  The  exception  to  this  rule 
has  been  pointed  out. 
The  most  active  toxin  is  obtained  by  growing  a  virulent  strain 
of the bacilli in a 0.2 or 0.3 per cent glucose broth to which fragments 
of fresh muscle have been added, and collecting the filtrate after from 
18 to 24 hours' incubation. 
A  review  of  the  literature  on  the  pathogenic  effects  and  toxic 
products  of Bacillus  welchii  and  on  the  results  of  immunization  of 
animals With the bacilli or toxic  products  does not indicate that  the 
exotoxic  nature  of Bacillus  welchii  had  been  previously determined 
or an antitoxic serum in the true sense produced. 
The  antitoxin  for  Bacillus  welchii  toxin  can  apparently  be  pre- 
pared  from  a  single  strain  of  the  organism  which  yields  under  the 
conditions  described a  high  titer  of toxin,  and  this  antitoxin  can be 
employed  to  combat  infection  with  or  prevent  infection  by  any 
strain  whatever of the bacillus. 